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Objscriuss. The aim of this study was lo analyze the relation 
between ventiialion and cerbon dioxide production and the con- 
trol of ventilation in patients with chronic beart failure. 
Buc&ground, Patients with chronic heart failure exhibit an 
increased ventiiatory response to exercise. Ventilation is closely 
linked to carbon dioxide production, producing a high correlation 
between the two variables. This relation is nonlinear at high levels 
of exercise. 
Me&&. The venti~atio~~arbon dioxide production ratio dur- 
ingt exercise was examined in 29 patients with chronic heart failure 
and 9 normal volunteers. 
RPSU&S. In the patients with heart failure, there were three 
patterns: in the least severely affected patients, the pattern was 
similar to that of the normal subjects, with an initial decrease in 
Patients with chronic heart failure suffer from tiredness and 
breathlessness on exercise, but the cause of the breathless- 
ness remains unclear. It is we!! recognized that on forma! 
testing, such patients have an increased ventilatory esponse 
to exercise (l-4). To find improved treatment for this 
symptom wit! require a better understanding of the abnor- 
malities of respiration i heart failure. It is not known, for 
example, whether the increased ventilation is due to altered 
ventilation-perfusion matching in the lungs or to altered 
contm! of ventilation; yet, the therapeutic correction of 
these abnormalities may require different strategies. 
In common with normal subjects, patients with heart 
failure retain near normal arteria! blood gases on exercise 
(5,6), and ventilation continues to !X closely tied to carbon 
dioxide production (3,7,8); for any given rate of carbon 
dioxide production i these patients, ventilation is increased 
as is the ventilatory response to any given work load (9). 
Thus, the slope of the relation of ventilation to carbon 
dioxide production isincreased. 
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the venti~ut~~~c~r~n d 
tained during exercise; 
was an increase in the ratio at the end of exerc~~, a 
severely affecled patients, the ratio increased from Ihe outset of 
exercise. The ven~~~at~o~carbon dioxide re~~t~o~ is not adequately 
described by a straight line relation. 
Conclusions. The ventilation/carbon dioxide ratio is nol: fixed, 
and the changes that occur in this ratio reflect either a ~o~corbo~ 
dioxide-driven vei~Gl&t~y stimulus or increase in vent~at~o~- 
perfusion mismatch due to increased dead space venWion. The 
different patterns of this ratio may provide clues to the patbop~ys- 
iologic mechanisms of the excessive ventilation and breathlessness 
seen during exercise in chronic beart failure. 
(J Am Co11 Cad’01 1992;2~:1326~2~ 
However, closer examination of the ventilation/carbon 
dioxide production ratio slope, reveals that although this 
relation appears almost linear, at the onset of exercise there 
is an initial decline in the “instantaneous” value of ventila- 
tion/carbon dioxide production ratio that is followed by a 
plateau phase during steady state exercise. There is also an 
increase in slope toward the end of exercise (3). Thus, 
although a high degree o; correlation isseen, the relation of 
ventilation to carbon dioxide production is not linear. To 
examine the possible changes in ventilatory efficiency in 
chronic heart failure, we examined this relation during 
treadmill exercise in 9 normal subjects and 29 patients with 
chronic heart failure. 
Approval for this study was granted by the Ethics Com- 
mittee of the Royal Brompton National Heart and Lung 
Hospital, London. 
Normal subjects. Nine healthy volunteers (eight men and 
one woman with a mean age of 29.9 years [range 25 to 351) 
who were nonsmokers with no past history of cardiopulmo- 
nary disease xercised for 5 min at stage 1 followed by stages 
3 and 5 and as much as possible of stage 7 of a standard 
Bruce protocol. Minute ventilation, oxygen consumption 
and carbon dioxide production were determined by expired 
gas analysis with a mass pectrometer (Airspec) with use of 
a standard argon-dilution method (10.11). Expired air was 
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>6 months before study. All were usm 
rage dose equivalent to approximately 70 mg of furo- 
were taking an angiotensin-conveying e - 
undertook symptom- 
ce treadmill protocol, 
’ (equivalent to stilge 
3 min at the start of exercise. The 
evidence of pulmonary disease. The same expired ai 
obtained for the normal subjects were acquired. 
In a subset of patients, arterial od sarn~~es were 
collected from a radial arterial line erted under local 
anesthesia into the right or left brachial rtery. Arterial blood 
was collected at rest, during submaximal exercise aad at 
peak exercise. Blood was immediately ailalyzed using a 
Ciba-Corning 278 Blood Gas System after a 2-point calibra- 
tion, for arterial carbon dioxide and 
Analysis. Ventilation and carbo 
were determined in literslmin; hence, the ventilation/carbon 
dioxide production ratio is dimensionless. To correct for 
different exercise times, we divided exercise data into con- 
qecutive 2-min segments and compared ventilation/carbon 
dioxide production ratio values among patients at rest and at 
the start, middle and end of exercise. 
In normal subjects, we estimated anatomic dead space 
ventilation by calculating anatomic dead space from a stan- 
dard formula (12) and multiplying by respiratory ate. 
We first observed the plot of ventilation/carbon dioxide 
production ratio versus exercise time in normal subjects and 
found it to be an L-shaped curve (see Results). We classified 
the patients with heart failure into three groups on the basis 
of the visual appearance of this plot. In Group 1 the plot was 
an L-shaped curve similar in appearance to that of the 
normal subjects. In Group 2 the plot was a U-shaped curve 
with a marked increase inventilation/carbon dioxide produc- 
tion ratio toward the end of exercise after an initial decrease 
at the onset. In Group 3 the plot exhibited a constant 
increase in ventilation/carbon dioxide production ratio dur- 
ing exercise. The groups were determined by two of us on 
two occasions without knowledge of the patient character- 
istics or the results obtained by the other observer. On all 
four occasions, patients were assigned to the same catego- 
ries. 
Patients in Group 1 were defined as having a value for 
ventilation/carbon dioxide production ratio at peak exercise 
within 10% of the value for the preceding 2min. Group 2 
Subject 
ata From Nine Normal Subjects 
VEIVCO, 
V%Ux Overall Rest 50rr Peak 
Mean 
SD 
41.99 
31.32 
39.70 
46.57 
36.72 
38. 
45.82 
so.73 
32.83 
41.74 
6.15 
18.65 32.65 20.89 20.05 
22.80 32.68 23.82 24.31 
22.10 33.09 25.13 24.61 
26.60 34.93 21.30 21.76 
19.90 30.71 20.35 21.14 
23.78 28.86 23.63 3.67 
28.33 37.35 28.66 30.38 
20.11 29.64 21.00 20.68 
25.91 37.09 26.52 29.30 
23.13 33.00 23.48’ 24.11 
3.32 3.03 2.88 3.67 
*p < 0.001 versus values at rest. Rest, SO%, Peak and Overall = 
instantaneous VdVcoz values at rest, at 50% of eventual duratiw of exercise 
and at peak exercise and overall value, respectively: VeiVco, = gradient of 
plot of ventilation versus carbon dioxide production; Vo.,,,, = maximal 
oxygen uptake (mllmin per kg). 
io with an increase at t 
~10% of that at the onse 
there was no initial decrease inthe ratio but an incrsase over 
ata from blood gas analysis were used to estimate 
physiologic dead space by using the 
VOIVT = (Pace? - PEco2)/Paco~, it1 
where VDIVP is physiologic dead space as a proportion of 
tidal volume, Pace, is the arterial carbon dioxide tension and 
etween-group analysis was per- 
formed with the Student I test with corrections for multiple 
comparisons with the Scheffe procedure. Linear regression 
using the least squares method was used. p values < 0.05 
were taken to be significant. Data are expressed as mean 
value + SD. 
S 
journal sub@ts (Table 1). A typical pattern of ventila- 
tion/carbon dioxide production ratio against time is shown in 
Figure 1. All subjects howed the same response with an 
initial decrease in ventilation/carbon dioxide production 
ratio (mean 2 SD 33.0 2 3.03 at rest and 25.51 2 2.76 for 
stage 1 [not seen in table], p< 0.001). This ratio continued to
decrease with a mean vtirmiationlcarbon dioxide produc 
ratio of 23.48 f 2.88 at 50% of maximal exercise (p < 0 
vs. stage 1). The average of the last 10 measurements before 
the test was stopped because of fatigue (24.12 -C 3.7, p = 
O.OOS) was significantly higher than that for the preceding 
stage (that is, the last completed stage for each subject 
befor: t$e test was stopped). Thus an L-shaped relation 
between ventilation/carbon dioxide production ratio and 
exercise load was found in all nine normal subjects. This 
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Figure 1. Ventilation/carbon dioxide pro- 
duction ratio (ventilation/Vco,) (s 
plotted against time in a normal 
The triangles indicate the alveolar ventila- 
tion/carbon dioxide production ratio, cor- 
recting for anatomic dead space ventila- 
tion. The points before zero represent rest 
data immediately before xercise. 
‘ijoo, 0 200 400 600 
time (seeon&) 
pattern persisted after correction‘for anatomic dead space 
ventilation (Fig. 1). 
tie&, Group I (7’uable 2). In this group of patients, a
response was similar to that in normal subjects (Fig. 2), with 
an initial decrease in ventilation/carbon dioxide production 
ratio from rest to a plateau seen at 50% of subsequent 
maximal exercise (44.63 vs. 36.23, p < 001). There was a 
further small decline at peak exercise ( .23 vs. 35.13, p < 
0.001). However, the initial, trough and final ventilation/ 
carbon dioxide production ratio values were all significantly 
higher than those for normal subjects (p < 0.001 for each 
comparison). 
Grolcg 2(Table 3). This group demonstrated a U-shaped 
response ofventilation/carbon dioxide production ratio over 
time during exercise (Fig. 2). There was an initial decline in 
Table 2, Patients With Heart Failure: Group I (n = 14) 
Pt Vo&naa 
VE NCO~ 
Ex 
No. (mUmin per kg) Overah Rest SO% Peak Time (s) 
I 24.9 22.67 38.91 25.47 24.05 9lYJ 
2 12.2 32.18 45.05 39.61 37.22 360 
3 15.7 27.62 40.57 35.43 31.42 440 
4 185 32.54 42.94 34.81 34.95 360 
5 18.4 27.68 39.28 29.90 29.74 660 
6 18.9 25.82 36.95 28.18 27.95 480 
7 19.7 29.10 49.02 37.84 34.33 480 
8 12.3 42.46 62.61 41.53 48.81 280 
9 16.5 29.50 38.27 31.09 32.39 310 
10 11.3 49.30 54.10 21.79 49.3s 310 
11 9.9 36.85 55.26 44.83 42.30 399 
I2 17.0 24.51 35.88 28.07 27.57 460 
13 8.7 32.40 48.85 38.79 38.61 320 
14 20.5 25.24 37.19 33.84 33.07 530 
Mean 16.0 31.28 4463 36.23: 35.13 449 
SD 4.6 7.36 8.20 7.80 7.6 166 
*P < 0.001 versus values at Est. Ex Time = total duration of exercise 
time: Group 1 = patients with an L-shaped V vcoz curve sin&r to that of 
Wnd subjects; Pt = Patient; other definitions as in Table 1. 
600 1 ,oco 
the ratio (from 41.20 at rest to 36.59 at 50% of maximal 
exercise, p < 0.09) with a subsequent i crease at the end of 
exercise (36.59 rising to 43.28, p < 0.01). 
Group 3 (Table 4). In this group, we observed an in- 
crease in ventilation/carbon dioxide production ratio over 
time (Fig. 2). Individual linear correlation coefficients ra
from 0.52 to 0.85 (average 0.75); p vaiues in each case were 
<O.OOl. 
Difirences among Groups I to 3 (Table 5). Group 1 
patients had a higher average maximal oxygen consumption 
than that of the other two groups (16.04 + 4.6 vs. 13.35 f 
3.3 mUmin per kg, p < 0.01). The exercise time was 
significantly longer in Group 1 than in Group 2 (p < 0.05) and 
longer in Group 2 than in Group 3 (p < O.Ol), implying a 
worsening degree of heart failure across the three classes of 
ventilation/carbon dioxide production ratio response. There 
were no significant differences among patient groups in 
terms of etiology or current medication. 
When the ratio of final to starting value for ventilation/ 
carbon dioxide production ratio is determined, there is a 
highly significant linear correlation between this ratio and 
exercise time (Fig. 2) (r = -0.66, p < 0.001); that is, the 
greater the ratio (and the higher the peak ventilation/ 
carbon dioxide production ratio relative to the rest value), 
the shorter the exercise time observed. Thus, there appears 
to be a significant correlation between the degree to which 
the ventilation/carbon dioxide production ratio increases 
during exercise and the severity of heart failure and the 
resulting limitation to exercise across the three groups of 
patients. 
Blood gas analysis (Table 6). Data from blood gas anal- 
yses were available for nine patients (four in Group 1, two in 
Group 2 and three in Group 3). There were no significant 
changes in carbon dioxide or oxygen tensions during exer- 
cise and no differences among the groups. Calculated dead 
space fraction decreased significantly in all patients in whom 
it was measured (from a mean of 0.42 Z!Z 0.06 at rest to 0.28 
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Figure 2. Ventilation/carbon dioxide pro- 
duction ratio (WVcoz) against time in a 40 
patient from Group I (s 
(Gang&l and Group 3 (circles). Set: text 
for definitions of groups. 35 
30 
25 
.1, r. 
0 100 
2 0.12 at peak exercise, p = 0.002). Tbere were no observed 
differences indata among patients in di 
control of ventilatio The relation between venMion 
and carbon dioxide production isdescribed by the equation 
derived by Whipp (4), a modification of the alveolar venti- 
lation equation: 
VE = Vcoz x 8631Pacoz x (I - VDIVT) . 121 
where Vo/Vr describes dead space ventilation as a propor- 
tion of tidal ventilation, Pace, is the arterial partial pressure 
of carbon dioxide and 863 is a constant to standardize gas 
measurements to body temperature, pressure and satura- 
tion. Thus, ventilation/carbon dioxide production ratio will 
vary with the arterial carbon dioxide and the dead space 
fraction; if the arterial partial pressure of carbon dioxide 
increases, then the ventilation/carbon dioxide production 
Table 3. Patients With Heart Failure: Group 2(n = 8) 
PI 
No. VoZ,,,n. Overall 
VENCO, 
Rest 50% Peak 
EX 
Time 
I5 14.4 34.91 43.85 38.73 40.54 370 
16 13.5 33.25 36.40 32.41 35.73 280 
17 17.6 38.64 35.47 32.38 31,27 390 
18 17.5 63.30 41.21 39.61 62.88 490 
19 10.6 41.77 55.35 38.26 40.78 270 
20 13.4 73.31 45.61 43.52 56.00 300 
21 17.8 30.59 32.45 28.68 31.46 350 
22 11.7 41.91 39.22 39.12 41.55 270 
Mean 14.6 44.71 41.20 36.59* 43.281 340 
SD 2.8 15.30 7.20 4.90 10.70 77 
*p < 0.05 versus values at rest. tp < 0.01 versus value at 50% maximal 
exercise. Group 2 = patients with a U-shaped VE/VCO~ curve with an initial 
decrease at the onset of exercise an3 a marked increase toward the end of 
exercise: other definitions as in Tables 1 and 2. 
200 300 4M) 500 
ratio will decrease; similarly, if dead space fraction in- 
creases, ventilation/carbon dioxide production ratio will 
increase. 
In published ata (7,8) from patients with heart failure, 
there appears to be a highly linear elation between ventila- 
tion and carbon dioxide production, with r values X9. 
owever, ifthis relation were consistent, the 
ventilation/carbon dioxide production ratio over time should 
approach a straight line parallel with the time axis. The plot of 
ventilation versus carbon dioxide production would asymp- 
totically approach a straight line from a point above because 
of the decreasing proportion of total venlilation composed of
anatomic dead space ventilation. This asymptotic curve for 
ventilation against carbon dioxide production was observed 
in our normal subjects and in our Group I patients (milder 
heart failure). It is the increase in ventilation/carbon dioxide 
production ratio toward the end of exercise that is abnormal, 
indicating a change in respiratory control. 
Changes in dead space ON exercise. Sullivan et al. (3) 
solved equation [2] for (I - VD/VT) (that is, non-dead space 
fraction) to derive an estimate of dead space ventilation in 
Table 4. Patients With Heart Failure: Group 3 (II - 7j 
Pt 
No. Vozmpx Overall 
VdVCO, 
Rest 50% 
Ex Time 
Peak (s) VIVCO,ll 
23 6.8 61.75 60.34 59.65 62.72 240 0.52 
24 9.0 49.48 43.65 46.38 50.2 270 0.84 
25 12.8 49.35 32.11 31.21 39.96 210 0.84 
26 15.2 67.5 33.89 39.26 44.4 210 0.72 
27 16.4 47.08 37.69 37.88 45.13 270 0.8 
28 9.8 57.3 41.96 40.98 52.59 240 0.85 
29 13.8 43.93 38.24 39.7 41.21 280 0.71 
Mean 12 53.77 41.13 42.15 48.03 245 0.75 
SD 3.5 8.60 9.40 8.90 7.90 29 0.1 
Group 3 = patients with a constant increase in VdVco, during exercise; 
VlVcoJt = the slope of the relation between VeiVco, and time during 
exercise; other definitions as in Tables t and 2. 
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Table 5. Comparisons Among Groups 1to 3 
Total Exercise Time (s) V%naX (ml/min per kg) 
Group I Group 2 Group 3 Group 1 
(n = 14) (n = 8) (n = 71 (n = 14) Groups 2 and 3 
900 (1) 370 (15) 210 (23) 24.9 (I) ‘14.4 (IS) 
360 (2) 280 (16) 210 (24) 12.2 (2) 13.5 (16) 
440 (3) 390 (17) 270 (25) 15.7 (3) 17.6 (17) 
360 (4) 490 (18) 240 (26) 18.5 (4) 17.5 (18) 
660 (5) 270 (19) 280 (27) 18.4 (5) 10.6 (19) 
480 (6) 300 (20) 240 (28) 18.9 (6) 13.4 (20) 
480 (7) 270 (21) 270 (29) 19.7 (7) 9.0 (21) 
280 (8) 350 (22) - 12.3 (8) 17.8 (22) 
310(91 - - 16.5 (9) 6.8 (23) 
310(10) - - 11.3 (IO) 11.7 (21) 
39O(ll) - _ 9.9 (II) 12.8 (25) 
460(12) - - 17.0 (12) 15.2 (26) 
320(13) - - 8.7 (13) 16.4 (27) 
530(14) - - 20.5 114) 0.8 (?R) 
13.8 (29) 
Mean 448.6 340* 245? 16.04 13.3% 
SD 166.4 76.53 28.8 4.60 3.3 
*p < 0.05 versus Group I. tp < 0.01 versus Group 2. #p < 0.01 versus 
Group I. Figures in parentheses indicate patient number. Abbreviations and 
definitions as in Tables I 10 4. 
Table 6. Blood Gas Analysis in Nine Patients* 
Oxygen carbon Dioxide VDNT 
Rest Peak Rest Peak Rest Peak 
Mean 12.77 12.83 4.99 4.92 0.42 O.% 
SD I .49 1.34 0.49 0.63 0.06 0.12 
*Four patients from Group 1, two patients from Group 2 and three 
patients from Group 3. tp = 0.002 versus values at rest. Arterial tensions in 
kPal of oxygen and carbon dioxide at rest and at tizak exercise. VDNT is 
calculated from equation I (see text) and represe.lts t!le dead space fraction. 
Their argument is circular, however. In their stu 
because dead space was calculated from ventilation/carbon 
dioxide productian ratio, dead space and ventilation/carbon 
dioxide production ratio were highly correlated, and dead 
space was Jorced to be the likely abnormality producing 
increased ventilation. 
patients with heart failure. In their study, as in ours, venti- 
lation/carbon dioxide production ratio decreased in patients 
during exercise increasing atmaximal exercise. These inves- 
tigators also found that with exercise, dead space fraction 
decreased both in patients and in normal subjects but dead 
space per hventh increased inpatients; the maximal increase 
in dead space correlated with the maximal ventilation/carbon 
dioxide production ratio. They concluded that normal ven- 
tilatory control by carbon dioxide production occurs in heart 
failure and that he observed increase in ventilation was due 
to an increase in dead space ventilation, 
Rajfer et al. (l3), unlike Sullivan and coworkers (3), 
reported that patients with heart failure had a decrease in 
dead space fraction during exercise without an increase in 
this fraction at maximal exercise. In their study, dead space 
fraction was measured from the Bohr equation i dependent 
of ventilation/carbon dioxide production ratio. They con- 
cluded that during exercise, patients with heart fai 
a decline in ventilation-perfusion mismatch even th 
begin exercise with a larger dead space fraction than that of 
normal subjects. Similar conclusions were drawn from a 
radionuclide v ntilation-perfusion scans. 
. if a factor other 
than carbon dioxide production isdriving ventilation, there 
should be a reduction i  arterial carbon dioxide as a conse- 
quence of increased ventilation relative to carbon dioxide 
production. This reduction isseen in normal subjects at peak 
exercise (15.16). Hypocapnia is also seen in response to 
0.8 
,, 
Figure J. Ratio of final to rest value for 
ventilation/carbon dioxide production 
ratio (VEIVCO,) plotted against duration 
of exercise in seconds. 
'_ 
0.6 
'. ._ 
M / . “-‘--‘\. _..‘,, 
200 400 600 800 1.000 
time (seconds) 
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these xperiments, dead space fraction and arterial carbon 
dioxide are assumed to remain constant, neither of which 
may be the case. 
n a study that examine 
ventilation relative to 
quently seen was con ect the ventilatory 
“cost” of maintaining a lower set point for arterial carbon 
dioxide. However, this increase may re w~~~~~ 
another stimulus to breathing becomes 
Curre ings. Our normal subjects showed adecrease 
in ventilation/carbon dioxide ~rod~~tio~ ratio at the onset of 
exercise until a plateau, was reached, followed by a small 
increase at the very end of exercise. The plateau phase 
represents the straight line relation between ventilation a 
carbon dioxide production. At the onset of exercise, 
decrease inventilation/carbon dioxide production ratio may 
reflect an increase in arterial carbon dioxide or a decrease in
dead space fraction. This result may be due, at least in part, 
to changes in respiratory pattern causing a reduction of 
anatomic dead space ventilation. Similarly, the rise in ven- 
tilation/carbon dioxide production ratio at the end of exer- 
cise may represent au increase in the dead space/tidal 
volume ratio or another drive to ventilation resulting in a 
decrease inarterial carbon dioxide. 
An examination f the ventilation/carbon dioxide produc- 
tion ratio pattern after correcting for the effects of changes in
anatomic dead space ventilation shows that he pattern of an 
increase in respiratory “efficiency” at the onset of exercise 
is maintained (Fig. 1). It has been suggested that an ahered 
respiratory pattern with increased respiratory rate at a 
similar tidal vohtme resulting in a greater anatomic dead 
space ventilation may be responsible for the increase in 
ventilation/carbon dioxide production slope in patients (9). 
Work in our department (21) has demonstrated that in 
normal subjects a change in respiratory pattern does not 
change the ventilation/carbon dioxide production slope. 
The three patterns of response in patients with heart 
failure have not previously been described. In Group i 
patients, (who demonstrate a near normal curve), 
anisms of the response may be similar to those in t I 
subjects, with an initial decrease inventilation/carbon diox- 
ide production ratio due to a reduction in dead space. In 
Group 2 and 3 patients, ventilation/carbon dioxide produc- 
at the end of exercise. Al- 
e is due to a ventila- 
(22). Although some investigators 
t other explanations for the 
ratio in subsets of ems with severe 
ecrease in arterial carbon dioxide 
ead space ve~t~~at~o6~ (13). 
tensions we were able to 
study, results were similar to those observed by 
(l3), with a decrease in physiologic dead s 
exercise, ven in patients in Group 3, in whom the ventila- 
tion/carbon dioxide production ratio increased from the 
outset of exercise. 
It thus seems that ventilation and carbon 
tion are uncoupled at peak exercise, with carbon dioxide 
excretion following ventilation passively at a rate deter- 
mined by ventilation and the dead space ratio. Ventilation 
may be driven by noncarbon dioxide stimuli, such as a 
muscle rgoreflex (23), central command (24) 
(2526) and other noncarbon dioxide, non- 
factors. It may be that the extent o which a noncarborr 
dioxide factor drives ventilation is a mechanism of the 
excessive breathlessness in heart failure. 
Conclusions. The description of different patterns of 
venrilationicarbon dioxide ~itJdUCthil ratio idiiiiirria iI& 
implications both for the understanding of the control of 
breathing and for the use of the venti ion/carbon dioxide 
production ratio slope as a measure ofP severity of chronic 
heart failure (8). Although plots of the ventilation/carbo 
dioxide production ratio have high linear correlation coeffi- 
cients, they are not necessarily related in a cause and effect 
manner or in a strictly linear fashion. e have shown that 
the ventilation/carbon dioxide production ratio changes 
throughout exercise and that he pattern of this change may 
indicate alt control of ventilation during exercise. The 
increa:;? in ventilation and carbon dioxi 
shot&.! not persuade us that carbon dioxide production isthe 
only determinant of ventilation during exercise in chronic 
heart failure or that he slope of a “best fit” linear egression 
1332 CLARK ET AL. 
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line between ventilation and carbon dioxide production ratio 
is an adequate description ofthat relation. 
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